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The simulation study of the rehabilitation of ecological environments and the
sustainable developments of agriculture, forestry, amimal husbandry in the loess

hilly regions in Shanxi Province, Shaanxi Province and Ningxia Automous Region
ZHANG HanXiong, SHANGGUAN Zhou Ping (L State Key Laboratory o Soil Erosion and Dryland Agriculture on the Loess Plaeau, Insitute
Soil and Water Consarvation, ChineseAardemy o Sciences, Yangling 712100, China; 2. Northwest A& F University, Yangling 712100, China) . Acta Ecologica
Sinica , 2006, 26( 1) : 297~ 304.

Abstract: The hilly loess regions suffer severe soil erosion and thus form fragile ecological ecology environments mainly because of
their improper land uses and as a result ecological rehabilitation and environmental reconstruction are the strategies for the
sustainable ewlogical and economic developments in these regions. With its simulation steplength standing at one year and its
simulation period spanned between 1990 and 2080, the study, relying on the theories in system dynamics (shoitened as SD) and
feedback control and, has established the SD models of elogical rehabilitation and environmental re construction whose 6 modules
being respectively aimed a agriculture, forestry, animal husbandry, rural economy, soil erosion and ecological environment. The

models have been tested wih plus sofiware on PC computer to have an efficiency of 93.5% and can been used for the future
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simulation predictions. Considering the charaderistics of ewlogical environments and the developmental adualites of agriculture
and animal husbandry in the regions, there are three representative models, synchronous developmental model (Model A),
progressive adjustment model (Model B) and actual development model (Model C), which have been be chosen for the ecological
and environmental reconstructions of these regions in analyzing and prediding the trends in soil erosion, land use, agriculture,
forestry and animal husbandry and ecological environment evolution between 2000 and 2080. The simulation results show as
follows:

Land use closely relates to the sustainable developments of agriculture, forestry- and animal husbandry, and the degeneration
of slope famland and grassland degenerations are the main lmiting fador in the sustainable developments of agriculture, forestry-
and animal husbandry. Thus, properly- regulated land use and accelerated erosion control are capable of enhancing the gradual
ecological rehabilitation and the sustainable developments of agriculture, forestry and animal husbandry.

Of the three simulation models, synchronous developmental model is the optimal strategy for ecology ecological rehabilitation
and environmental reconstrudions in these regions. It can promote the coordinaive development of agriculture, forestry-and animal
husbandry and help to form a good ecological and economic cycle.

With its good strudure and performance, the SD model is capable of the dynamic actions of complex ecosystems involving
multiple variables and nonlinear variables thereby becoming an effective tool in the research of emlogical rehabilitation. The major
problems of the SD model are that because the model covers a large scope and involves some statistically generalized parameter and
field experimental data about erosion, which are not completely representative, it suffers in reliability and dficiency and thus
needs to further modify the sampling and analyzing methods to guarantee proper parameters and thus make the model perform well.
Key words: hilly loess regions; Shanxi Province; Shaanxi Province; Ningxia Autamous Region; ewlogical rehabilitation; land

use; soil erosion; simulation research; sustainable development
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Fig. 1 The system flow figure of SD model on ecobgy rehabilitation and circums ance rebuild
1. Birthrate; 2 Immigratory rate; 3 Population increment; 4. Gross population; 5. Depopultion; 6. Feeding criterion; 7. Fodder grain; 8. Increment; 9. Feeding
livestock; 10. Reduction; 11 Meat output; 12. Fur output; 13. Milk output; 14. Nor production location; 15 Production lcation; 16 Food criterion; 17 Mortal ity;
18. Peoplé s average grain; 19. Forage plants; 20 Fodder ncrement; 21. Propagate rate; 2. Forage increment; 23. Livestock structure; 24. Slaughtered rate of
livestock; 25. Feeding forage quotiety; 26. Sheep; 27. Pigs; 28 Bulky livestock; 29 Retreating cultivated land to grassland; 30. Decrease; 31 Scanty cltivated
bnd; 32. Cultivated land areas; 33 Areas of retreating ailtivated land; 34. Danand for cultivated hnd; 35 Retreating rate; 36 Demand for grain; 37. Difference
n supply and demand; 38. Propoition of seed yield to sraw yield; 39. Straw amount; 40. Grain yield; 41 Grain yield per unit area; 42 Organic fertilizer;
43. Forage; 44 Gross forage yield; 45. Inaease; 46. Forage yield per unit area; 47 Grassland area; 48. Control for planting grasses; 49. Grass planted per unit
area; 50. Preferable cultivated land; 51 Increase; 52. Total cultivated areas; 53. Repeated cultivated rate; 54. Variety rate; 55. Farmland area; 56 Fertilization
amowunt; 57 Economic crop; 58 Fertilizer production rate; 59. Basic plovland; 60. Developmental rate; 61. Deserted hikide area; 62. Irrigated cultivated land;
63. Field grass yield per unit area; 64 Decrease; 65. Twnover period of cultivation; 66. Renew ed period; 67. Propotion of grass to livestock amounts;
68. Retreating grassland to forest land; 69 Crop sructure; 70, 72 Proportion; 71 Other aops; 73 Reclamation land; 74. Retreating orchard to cultivated land;
75. Nomravailable land; 76. Retreating rate of culwated land; 77. Growth quantities; 78. Grovth rate of forests; 72 Stock amounts; 80. Erosion increment ;
81. Demand for fruits; 82 Slight erded areas; 83, 86. Tranderred rate; 8. Tranderring from slight to moderate degree; 85. Moderate eroded areas;
87. Transferring from moderate to strong degree; 88 Strong erded areas; 89. Erosion reduction; 90. Timber criterbn; 91 Demand for timber; 92 Fores
mnvestment 93 Preferable forestland areas; 94, 100 Increased areas; 95. Deforestation amounts; 96. Decrease; 97. Tumover peribd of deforestation; 98,
104 Decreased areas; 99 Timber produdion; 101 Control for orchard; 102. Orchard areas; 103. People’ s average orchard; 105. Be short of cultivated land;
106 Aging rate; 107 Fruit yield per unit area; 108 Slight eroded intensity; 109. Moderate eroded intensity; 110. Soil runoff amounts; 111 Strong eroded
itensity; 112 Total mnoff areas; 113. Contolling degree; 114. Expense quotiety; 115. Ecological demand; 116. Shrub areas; 117. Forest structure; 118 Arbor

areas; 119. Fruit yield areas; 120 Fruit yield; 121. Needing managed areas; 122 Total land areas; 123 delay
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Table1 The development dynamics of land use and grain for three simulating patterns
(10*hm?) (10*hm?) (hm?) (10%)
Area of land use Area of forest kind Per person possess Grain yield
(10* ) Area of - . g (kg
Patt Yea oW o , ] Grain of
e “ population .S High Grain Surplus per
(104 Farmland ~ Forest Ley Atbor  Shrub  Garden  8™5%  Famland  yield eld and person
(10*hm?) lnd lackgr
2000 671.9 272.50 121.43 21.28 6233  41.47 1763 7.11 Q0 47 Q0 026 1615 - 3864 240. 3
220 757.5 18.79 190.70 268.66 1018 63.60 2525 9.97 033 om3 2302 -079 303.9
A 2040  777.8 151.23  249.01 259.92 14033 81.34 27 33 15 05 029 0089 2409 0. 68 309. 7
2060 771.15 128.27 291.59 246.96 166 36 99.25 2598 2316 Q26 0138 2379 1.53 308.5
2020 757.5 195.55 181.83 277.68 96.50 60.53 2480 6.94 Q35 007 2315 0.09 305.6
B 2040 777.89 1%.30 227.60 275.26 12571 74.72 2718 7.41 Q31 0075 2604 18 81 334.7
2060 771.15 13549 257.08 279.24 14291 8832 2585 7.98 Q27 o117 2517 12 66 326.4
2020  757.5% 19.47 174.07 26.62 92.03 57.95 2408 520 0 36 0ms 2152 -1579 283.9
C 2040  777.89 162.39 210.43 312.33 11404 69.35 2705 406 032 0069 2275 -3.98 22.5
2060 771.15 141.44 22837 318.01 12247 79.73 2617 3.21 0 29 0105 2308 - 0.97 299. 4
s The total area of the farmland, forest land and grazing land is variable because of the and of
nor-use and nor-yieldly are not included
2 3
Table 2 The development dynamic dynamics of soil ercsion and ecology benefits for three simulating patterns
(10*hm?)
Area of per erosion class \ Erosion quantity .
A [ Contol __—~>" %777 Wood Carry of Total Inome
Patt % ma. © erosion Forest cumula livestock out put of per
attern e f(;‘::;:; Inten area Total  Reduced 0:47 ) —tion (10 (108 person
; i i i cover( %
( ) Light Middle ~ sty ( 104hm2) erosion erosion ( 104m3) sheep) Yuan) ( yuan)
(10*y (%)
2000 423.34 109.98 185.97 12739 146 25 31640  0.00 15. 71 804.0 751 54 31 27 985
2020 298.08 110.49 110.05 77.54 23373 20980 3377 4. 688 2601. 6 686 8 53 25 2550
A 2040 173. 15 96 &9 67. 67 859 319 53 1290 67 32 2..22 500. 4 8901. 9 66 64 5502
2060 134.77 87 31 41. 10 6 36 394 07 7647 75 8 37.73 7582. 6 870 2 68 35 9473
2020 319.65 112.25 116.86 90.54 221. 83 22870 2781 23. 53 2559. 4 679 56 52 98 2495
B 2040 243. 62 18.35 9.0 40.22 290 48 16030 49 40 2. 45 4752. 3 776 91 66 67 4835
2060 199. 60 112.69 78. 41 830 344 4 11790 62 78 33.27 M06. 2 820 37 66 93 8975
2020 313.77 111.67 112.95 89.21 213 15 22410 29 26 2.5 2523. 6 676 6 47. 57 2456
C 2040 253.93 106.23 97. 52 50. 8 271 37 17110 459 27. 23 4548. 1 7876 60 70 4725
2060 219.23 110.47  93. 8 15. 69 312 86 13520 573 2. 55 6367. 3 836 7 62 31 7850
2000 The total output and ncome of per person are calculated based on the price of 2000 year
3.3 (B )
A i A
, s A 2020
s 2060
2 2
0.27hm 0. 12hm", 33. 27% s
> > 57. 80%
93. 48%,., 62.78% ,
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Fig.2 The dynamic changes of land use for a synchronization development  Fig. 3 The dynamic changes of soil erosion for a synchroniztion development
pattem (A) and an actuality development pattern ( C) pattem (A) and an actuality development pattern ( C)
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